Although it is common knowledge that brucellae parasitize tissue cells of man and animals in natural and experimental infection, little is known concerning conditions that affect the parasitism. This laboratory has utilized monolayer tissue culture to study the multiplication of Brucella abortus in cells from various organs of the cow, natural host of B. abortus (Richardson, 1958) . Holland and Pickett (1956) have demonstrated that brucellae multiply in chick embryo fibroblasts grown in vitro, and they have examined the intracellular behavior of Brucella variants. All other current investigations with Brucella in tissue culture pertain to growth of brucellae in monocytes from normal and vaccinated experimental animals. PomalesLebr6n and Stinebring (1957) , Braun et al. (1958) , Elberg et al. (1957) , Freeman and Vana (1958) , and Holland and Pickett (1958) have found, in general, that the monocyte possesses potentialities in vitro for study of cellular immunity and virulence of brucellae.
In reviewing the histopathological reactions in the evolution of brucellosis, Huddleson (1955) states that all evidence indicates that the epithelial cell system provides the proper environment for the multiplication and persistence of brucellae in various organs. Wall (1914) , Smith (1919) , and Ridala (1936) described extensive parasitization by B. abortus of the epithelial cells of the bovine uterus, chorion, and udder, respectively; Meyer (1943) and Nyka (1948) reported intracellular localization of brucellae in human tissue cells from fatal cases; and Fabyan (1912) , Castaneda (1947) , and Nyka (1948) have demonstrated that the epithelial system of various organs from experimentally infected guinea pigs, rabbits, and mice is parasitized in vivo by brucellae.
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parasitization by B. abortus of cells derived from tissues known to be highly susceptible in cattle. In bovine brucellosis the uterine mucosa and placental tissues of the cow and many fetal tissues are frequently involved; brucellae parasitize both fetal and maternal epithelial cells. The objectives of the work presented in this report were (a) selection of conditions for the rapid, routine growth of cells from uterine mucosa and from fetal skin; (b) examination of growth of B. abortus in cells derived from these and several other bovine tissues in which brucellae localize in disease; and (c) determination of the effect of the number of extracellular brucellae and exposure time on intracellular multiplication, to estimate reproducibility of the results and applicability of the system for quantitative studies.
MATERIALS AND METHODS
Media and solutions. (1) Lactalbumin hydrolyzate base :-0.5 per cent lactalbumin hydrolyzate (Nutritional Biochemicals) in the balanced salt solution (BSS) of Hanks and Wallace (1949) , supplemented with the vitamins recommended by Eagle (1955) .
(2) Modified Eagle base:-Basal medium of Eagle (1955) supplemented with 0.2 M alanine, aspartic acid, glycine, hydroxyproline, proline, and serine.
(3) Serum:-obtained from 6 to 8-week-old calves at a local slaughter house, allowed to separate at 4 C, and filtered within 24 hr through a Hormann D-8 filter pad. Three or more sera with negative agglutination titers for brucellae were pooled. The complete media contained 16 per cent pooled serum (100 ml base plus 20 ml serum). (Huddleson, 1956) , and all colonial counts of this strain were made on the same medium.
For tissue cell exposure, an 18-to 24-hr growth of B. abortus was suspended in tryptose diluent and standardized by a Libby photronreflectometer to a standard density. Appropriate dilutions were prepared in the same diluent, and 0.1 ml was added to each tissue-cell culture tube. The number of brucellae introduced was checked by subsequent colony counts.
Exposure to brucellae and intracellular growth. Tissue cells grown 5 to 10 days were exposed to 102 to 106 brucellae per tube and incubated at 37 C for 3 to 24 hr. The brucella-containing medium then was replaced with fresh medium containing 2 ,ug per ml of streptomycin; this was renewed every 2 to 3 days. Five per cent C02-inair was maintained through the exposure and intracellular-growth periods. At various times When tissue cell lysis was contemplated, various lytic agents were tried. None released more brucellae from cells than distilled water. Study of the survival of smooth B. abortus in distilled water showed that a slight reduction in cell count occurred, whereas the inclusion of 0.05 per cent tryptose in distilled water maintained maximum viability of the organisms through 1 hr of shaking.
Intracellular growth of B. abortus. When normal bovine fixed-tissue cells were grown in vitro as a monolayer on glass, cells from primary culture and subcultures proved susceptible to invasion by B. abortus. Figures 1 to 12 illustrate different degrees of intracytoplasmic multiplication. Except for the fetal kidney cells, which had been suspended by 0.25 per cent trypsin in a Rappaport flask, the monolayer growth had been prepared as stated, grown in modified Eagle medium for 5 days, exposed to 106 cells of B. abortus strain 2308 for 24 hr, and the brucellacontaining medium replaced with medium containing 2 ,ug per ml of streptomycin and penicillin.
Similar growth patterns were observed in cells from fetal skin and kidney as well as from uterine mucosa, testes, spleen, bone marrow, and lung of adults. The cytoplasm of the central cell in figure  2 contains a well-localized "compartment" of brucellae. Bacteria almost obscure the nucleus of the adjacent cell. Unparasitized cells could be seen in the same area. Figures 3 to 5 contrast parasitized and nonparasitized cells more effectively. Brucellae completely obscured the nucleus before cell rupture. In the central cell of figure 3, brucellae had multiplied to such an extent that the cell has ruptured and organisms are scattered over the field. As long as the nucleus was visible, no intranuclear multiplication was ever observed. Figures 4, 7 to 9, 10, and 12 show that an area adjacent to the nucleus remained relatively free from brucellae even when multiplication had occurred throughout most of the cytoplasm. (Huddleson, 1956 ). Table 2 shows data from an experiment with fetal skin cells in first subculture It has been evident in these tests that the number of tissue cells per tube was not limiting and that the number of brucellae recovered per tube was remarkably reproducible. The system appears suitable for quantitative studies of the influence of factors on progressive intracellular multiplication of brucellae. The extent of multiplication in uterine mucosal and fetal skin cells during the 24-to 72-hr period after exposure corresponds to the 100-fold increase found by Pomales-Lebr6n and Stinebring (1957) and Holland and Pickett (1958) with monocytes during the same period. Freeman and Vana (1958) , using quite different cultural conditions, obtained a 103 to 104 increase of brucellae in monocytes during a 1-to 3-day period and observed no lag phase in intracellular growth. However, these workers did not use antibiotics for the control of extracellular growth but believed that they had minimized it by the use of 102 to 104 brucellae per tube for inoculum. Observations have indicated a lag phase in the growth of brucellae in uterine mucosa cells, but intracellular growth curves have not been established adequately enough with respect to the many variables involved to justify a detailed discussion at this time. The finding that the maximum number of intracellular brucellae depended on inoculum size corresponds to results found with bacteria in broth culture. Data concerning the effect of inoculum size on intracellular growth are limited. Braun et al. (1958) observed increases in the number of brucellae within monocytes after a given period of time when the inoculum was increased from 107 to 108 organisms; and Freeman and Vana (1958) found that 102 to 104 brucellae initiated extensive growth in monocytes, but, except with 104 brucellae, the data do not show maxima or time required to attain it.
In contrast to the monocyte system, multiplication of both mammalian cells and bacteria occurs in the bovine system studied. It is customary to infect monocytes with brucellae prior to establishment of the cell monolayer. After an initial drop, the number of monocytes remains approximately the same or decreases over the 72-hr period of bacterial growth. Under the experimental conditions of the bovine system used, the tissue cells are not exposed to brucellae until at least 5 days after establishment of the monolayer. By this time the tissue cells are proliferating actively and any cell damage incurred during suspension of cells by trypsin probably has been eliminated. Proliferating cells provide dynamic conditions for the study of parasitism not afforded by static cell systems.
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SUMMARY
Normal bovine fixed-tissue cells have been routinely grown in vitro as a monolayer on glass. Brucella abortus has been shown to invade, and to multiply rapidly within, bovine cells from fetal skin and kidney as well as adult uterine mucosa, testes, spleen, bone marrow, and lung. Similar intracytoplasmic growth patterns were observed in cells from various tissues.
It has been found that B. abortus type I multiplied to the same extent in cells from fetal skin and adult uterine mucosa. B. abortus type I and type II, both C02-dependent and C02-independent strains, invaded and multiplied 
